Pakistan is essentially an agricultural country as most of the population is still living in the rural areas and depending on agriculture for their livelihood. Increasing population is putting more and more pressure on the agricultural lands of the country to fulfill the food requirement. Forty four percent of the labor force of the country is alone shared by agriculture sector. Its importance increases as the most of the industries are also dependent on the agricultural products as their raw material. The province of Punjab is the agricultural hub of the country and playing a vital role in supplying the food grain and other agricultural products not only to the population within the province but to all other parts of the country. The districts in the province are producing the major grain crops, which is quite sufficient for showing the level of sustainability for the population within their limits. Only few districts in the Punjab with highly populated urban centers such as Lahore, Rawalpindi and Islamabad are showing somewhat lower shares of agricultural contribution.
INTRODUCTION
Pakistan is an agricultural state thus agriculture gains are of more importance than any other sector. Importance of this sector is manifold as it feeds people, provides raw material for industry and is a base for foreign trade. Foreign exchange earned by the export food products and Textiles with cotton as raw material is about 76% of total exports of Pakistan [1] . Agriculture contributes 21.56% of GDP in 2009 and 21.62% in 2011. About 63% of the total populace is getting their livelihood from it.
According to economic survey report 2009-10, the growth of agriculture of the country was 6.5% in 2004-05 and 4% in 2008-09.Major and minor crops also show the same declining trend of their growth. During the outgoing year 2009, the overall performance of agriculture sector has been weaker than target. Against a target of 3.8 percent, and previous year's performance of 4.0 percent, agriculture is estimated to have grown by 0.20 percent. Major crops, accounting for 31.1 percent of agricultural value added, registered a negative growth of 4.0 percent for second year in a row mainly because of decrease in production of rice and cotton by 29.9 and 11.3 percent, respectively. Minor crops accounting for 10.9 percent of overall agriculture value addition, grew by 4.8 percent as against negative growth of last two years. Fishery and Forestry contributes 16.6% and 8.8% respectively. Though the agricultural sector is facing problems in *Address correspondence to this author at the Department of Geography, University of Karachi, Pakistan; E-mail: shahidgeog@yahoo.com Pakistan yet the major chunk of money comes from this sector [2] .
In geographical sense the agricultural activity is portrayed by showing the cropping patterns. There are various ways to show the areal extent of cropping pattern prevailing in an area. Generally the top ranking crops are used to show cropping pattern and the other methods are through crop combinations, i.e., the single crop dominance, the two-crop combination then three and four-crop combinations [3] .
PUNJAB
The Punjab is the largest province of the country with population of 73.62 million, more than half of the country's population, while it ranked second in terms of area i.e., 205,344 km 2 about 26% of the country after Baluchistan. It is located at the northwestern edge of the Indian plate in South Asia. The historical capital Lahore is the largest city in the Punjab region. Other important cities include Multan, Faisalabad, Sheikhupura, Sialkot, Gujranwala, Jhelum and Rawalpindi along with federal capital city, Islamabad.
The province is inundated by five perennial rivers namely Indus, Chenab, Jhelum, Ravi and Sutlej which form the backbone of the country's agriculture by supporting a huge irrigation system in the Punjab. According to the Land uses the Punjab has 49% of its area as agricultural land with class I loamy soil to moderate loamy sandy soil. Desert soil with poor drains is marked in the south and north western parts of the province. Furthermore it has 26% of range land 8% of open land/fallow and 4% under forest cover, which is more or less scrubland forest. About 9% is covered by desert located in the south and northwest (Figure 1) .
Weather extremes are notable from the hot and barren south to the cool hills of the north. The foothills of the Himalayas are found in the extreme north as well. The Punjab's region temperature ranges from -2° to 45°C, but can reach 47°C (117°F) in summer and can touch down to -5°C in winter.
Climatically, Punjab has three major seasons
•
Hot weather (April to June) when temperature rises as high as 110°F.
• Rainy season (July to September). Average rainfall annual ranges between 96 cm submountain region and 46 cm in the plains.
• Mild weather (October to March). Temperature goes down as low as 40°F.
Agricultural Sustainability
For agriculture, the issue of sustainability is linked to that of food security, i.e. the sustained ability of agriculture to provide adequate food supplies. It was included in the report of World Commission on Environment and Development also known as Brundtland report [5] . The concern about food security stems from the fear that as population increases, our ability to meet increasing food needs will be limited by the natural resource base [6] .
"However, the achievement may hectareve come at the expense of long-term sustainability of land resources and development. Sustainable development is consistent with increasing environmental assets or development without destroying the future of natural capital stock" [7] .
The term ''sustainable agriculture'' (U.S. Code Title 7, Section 3103) means an integrated system of plant and animal production practices having a site-specific application that will over the long-term:
• Satisfy human food and fiber needs.
• Enhance environmental quality and the natural resource base upon which the agriculture economy depends.
• Make the most efficient use of nonrenewable resources and on-farm resources and integrate, where appropriate, natural biological cycles and controls.
• Sustain the economic viability of farm operations.
• Enhance the quality of life for farmers and society as a whole [8] .
That definition is a central element of the legislation of the Sustainable Agriculture Research and Education (SARE) program of NIFA (National Institute of Food and Agriculture) USDA.
According to the checklist given by FAO one of components of sustainability is food security or self sufficiency beside various other factors [9] .
"Providing a wholesome and adequate food supply is the most basic tenet of agricultural sustainability. However, sharp increases in global food prices have occurred in the past 2 years, bringing the real price of food to the highest level seen in 30 years (FAO, 2008) . This dramatic shift is a fundamental concern. The role of 'local food' in contributing to the solution of underlying problems is currently being debated" [10] .
Crop Combinations
Individual crops may be studied in geography for their own sake. But all crops studied individually cannot convey the realities of the agricultural complex of an area. The areal dominance of certain crops in their varied combinations can best be studied by attempting some kind of synthesis. Rarely do we find a crop growing in complete isolation. Even in areas where a single crop predominates, minor crops do have a role to play. The identification of a crop, with its spatial relationship represents the salient features of the crop complex in an area, is not an easy task. Yet, without such a step, detailed exposition of the agricultural scene, particularly crop patterns, does not seem possible. With our concept of the region it hardly seems possible at present to arrive at a satisfactory synthesis towards agricultural regions [11] .
However, with the present methodology a generalization of crop regions may be possible. It has been pointed out first by Weaver, that the generalization and identification of crop regions on the basis of single crops is far from satisfactory. The concept of crop combination region came from J.C.Weaver in 1954 and then modified by Thomas, Coppock, Jasbir Singh and Others [12] . Obviously, the search for generalization of patterns of areal dominance of crops leads to the identification of crop combination regions. The concept of crop combination regions appears to be valid, as it makes possible the establishment of areas differentiated on the basis of the areal dominance of crops that are spatially related and occur together in varying strengths. It may also be pointed out here, that the delimitation of crop combination regions is merely to facilitate description and comprehension of the agricultural complexities of the area. The delimitation is not an end in itself but only a tool towards a better understanding of the agricultural situation.
In this study the identification of major crop combination is done by using Thomas model, based on the values of variance and hence portrayed in through maps. The application of the model helps to divide the data into two groups i.e., major and minor crops. Major crops are covering 67-100 % of the land, characterized as forming a crop-combination. The model was applied to the data of years 2004-05 and 2008-09 and expressed in Table 1 Area under wheat exceeds six million hectares, while for cotton and rice it is 2.5 million and 1.7 million hectares respectively. This extensiveness of the crop area is in sharp contrast to the individual crop area in other provinces where they remain under one million hectares. Cotton and rice together account for a very substantial crop area, contributing substantially to economic potential of the Punjab. Among the twenty nine minor crops identified eight crops following in the crop category II, occupy 21.83 percent of the provincial cropped area [13] .
Of this gram, sugarcane, maize and bajra are the important crops. In 2009 the major crops according to Thomas model were found to be five crops namely, wheat, cotton, sugarcane, rice and maize shown in Table 2 below.
For the crop of wheat Jhang is the major district covers more than 400 thousand hectares and producing more than a million ton alone. The other dominant districts are Bahawalpur, Rahim Yar Khan and Muzaffar Garh. These districts are also producing more than 800 thousand tons of wheat annually. Rice is the next major grain in the Punjab. The major districts are Gujranwala, Sialkot and Sheikhupura, the north eastern districts of the Punjab, covers 249.2 hectares of land and producing about half million tons of rice, while Sialkot and Sheikhupura are producing more than 300 thousand tons of rice. This entire situation is sufficient for food security matters in the Punjab.
The above maps (Figures 2 & 3) are showing various crop combinations the dominant combination in both of the maps, i.e. in 2005 and 2009 is cotton and wheat or wheat and cotton dominating the southern districts of the Punjab. Rahim Yar Khan, Bahawalpur, Muzaffar Garh and Multan are marked for wheat-cotton combination. Other important combination is wheat with rice dominates in the north eastern districts, which are Gujranwala, Sheikhupura and Sialkot respectively and the third major combination is wheat with gram, marked on the western districts i.e. in the districts of Bhakkar, Layyah and Mianwali.
Comparison of Major Crops of the Punjab
In the Punjab it is apparent from the tables given that among all the major crops the Punjab has the largest share in both the years except for maize where KPK is leading by about two percent in 2005, but the Punjab out beat KPK for maize in 2009, in Table 3 . All the above data related to major crops shown the tremendous pressure on the land of the Punjab to support the rest of Pakistan as the area under all the major crops in the Punjab has shown a slight decline in percent share but it is supported by the province of Sind up to some extent, where an increase in the contribution of all the principle crops observed.
Population Change
The population of Pakistan is increasing still at a faster pace but as the results of current census have not arrived the population for the years considered is projected, in Figures 4 and 5 , with only a little difference, as it is for five years. Slight accumulation of population can be observed around urban centers, in Figure 5 .
If one compares the population change the rate of growth are much higher in the urban areas i.e. 3.5% in comparison with 2.3% in the rural areas of the Punjab and 2.5% for the province. Still the urban areas in the Punjab do not exert much pressure on the rural land of the province, but greater pressure is observed from districts other than the Punjab and up to some extent from outside the country specially from Afghanistan, where it is either exported or smuggled for better prices and hence creating an artificial shortfall.
Changes in the Area under Major Crops
The comparison of the major crops of 2005 and 2009 shows that there is considerable area change under the major crops. Out of 35 districts 21 districts has shown a positive change in the area under major crops but 14 districts have a negative trend. It means that these are the districts where there is a shift from the major to some minor crops for increasing food grains or some commercial gain. The results are shown in the Table 5 .
The districts with positive and negative changes are shown in the Figure 6 . The districts which are showing a positive trend is seem to have relatively uniform character of the factors related to agriculture in the region than those which may have variable characteristics.
Grain Crop Consumption
Food security is expressed by the production of grain crops. In the Punjab it is observed that the districts of Punjab in individual capacity are far apart from the rest of the districts of the country. Few districts from Sindh are seem to compete with some of the districts of the Punjab and similarly KPK has shown a good potential of producing maize which is an important grain crop after wheat and rice. Within the Punjab districts food security is reflected from the production of food grains in the districts. Only three districts, namely Lahore, Rawalpindi and Islamabad, the federal capital, which have a large concentration of urban population are not self sufficient on their own, but off course providing some other services to the other districts of the Punjab, which is also very important. For that matter they can be easily supported by other districts. (Figure 7) . The percentages are showing the increase in per capita consumption of wheat means the higher availability of wheat as principle grain crop.
There are number of districts which are showing decrease in the production in comparison with the population growth hence having a negative trend. There are 21 such districts, while 13 districts have shown a positive trend towards availability of wheat, leading to strengthen the food security and hence food sustainability in the region.
CONCLUSION
Pakistan is an agricultural country. Its economy depends on agricultural activities. The Punjab is the largest province of the country by population and economy. For food sustainability in the country this province is supporting to a greater extent by supplying its surplus food to other parts of the country. Major crop combinations are wheat-cotton, wheat-rice, and wheat gram and wheat maize giving boost to grain crop availability with in the province. Substantial number districts have shown an increase in the availability of wheat grain for their consumption. The area under wheat which is principle crop of the province has shown slightly higher percentage, comparing it with the production at present it may be fine but this is the point to ponder that this practice is not legible to continue in future as the land cannot be extended unlimited. Farmers have to think about using high yielding varieties and better ways of crop management. Apart from that on the whole, better population control and improved education specifically for farmers are also very essential to improve the productivity level and hence the sustainability. It is apparent from the analysis that any grain shortage within the province may be artificial or may be a result of mismanagement from the concerned bodies.
